This paper presents results of bibliometric and text-based analysis of Computer Science research output produced by academia from the Republic of Moldova during the 2013-2018 years. The authors have collected data for research output indexed in three databases: Web of Science (WoS), Scopus, and National Bibliometric Instrument (NBI). Data from these databases were collected to obtain important indicators such as total number of research papers and citations, citation impact, h-index, collaboration patterns, top institutions, authors and publication sources. A detailed comparative analysis was performed based on these data. The authors also have performed a text-based analysis on keywords of papers indexed to identify thematic trends for research in Computer Science field. The analytical results present a detailed and useful picture of the status and the competence in Computer Science research in the Republic of Moldova.
Introduction
Information and Communication Technology (ICT) has become an area of utmost importance in all social activities. ICT promotes economic growth as well as technological changes worldwide. Today, Computer Science is one of the most relevant subjects studied in universities, labs, and research institutions. This area of study represents a source of a plethora of new interdisciplinary sub-areas, while society becomes more and more dependent on ICT.
According to the International Data Corporation (IDC), the worldwide expenses for ICT, including those for new technology, will exceed 5.6 Trillion Dollars in 2021; a steady growth in ICT is forecasted until the end of the prognosis period (International Data Corporation 2018).
Until 2021, the new Third Platform technologies, including the Internet of Things solutions (IoT), robots and drones, augmented reality headsets, virtual reality (AR/VR) and 3D printers will encompass almost a quarter (23%) of all expenses. Overall, the expenses in technological solutions on Third Platform technologies will represent more than 70% of the worldwide ICT expenses (Technologies.org. 2018) .
In Europe, the European Regional Development Fund (ERDF) and The Cohesion Fund allocated over 20 billion euros for ICT in the 2014-2020 funding period. These funds will promote the development of a Digital Single Market with a tremendous growth potential of over 250 billion euros (European Commission 2019) .
According to the Ministry of Economy and Infrastructure of the Republic of Moldova, the ICT sector in Moldova has become increasingly attractive for investors, registering in 2017 a 9% growth of the gross added value (highest growth recorded in the last eight years) and contributing by 7% to the GDP (Ministry of Economy and Infrastructure 2018).
Considering the above mentioned, it becomes utterly important to study Moldovan researchers' interest in ICT, through bibliometric study. This will allow to discover the human, institutional, organizational and infrastructure scientific potential for ensuring intelligent/ smart specialization in this area.
Bibliometric analysis is an important method for a better understanding of certain aspects of research results. As a science, bibliometrics represents statistical analysis of books, journals, scientific articles, publications' sources and authors. Analysis of keywords frequency, citations, total number of articles published and by certain authors are key elements for such statistical studies. After the '90s, bibliometrics has been transformed from a simple bibliographic statistics study into a separate and unique area of study (Karanatsiou et al. 2017 ).
This paper intends to be a bibliometric contribution to the ICT research area in the Republic of Moldova. Considering the multidisciplinary nature of the domain, the research in this area deserves much more attention and is proving that there is a sufficient scientific potential in the Republic of Moldova for the Smart specialization of the country in ICT.
Computer Science: research context
The growth rate of the number of scientific papers is determined by the level of science development. Knowledge grows exponentially, and this growth reveals the speed of science and society development (Price 1951) .
One of the bibliometric approaches to the analysis of the dynamics of science is tracking of the number of scientific publications in certain areas of study and in a specific period of time. For the analysis of the development level of the specific scientific fields in the world, statistical data has been gathered concerning number of publications in various fields registered in the Scopus database for 30 years and by authors from the whole world. Based on the gathered data, it was noted that the number of publications in all areas of study has been in constant growth, with the highest number of publications observed in the Medical Field (Cujba 2019) . This field has maintained leadership for the last 30 years, followed in 2018 by Engineering and then Computer Science. At the same time, analysing the growth rate of the number of publications in various fields, it becomes obvious that Computer Science has registered the highest growth rate (Figure 1 ). This is the field where the number of published documents has increased about 13 times over the last 30 years, a 1276% overall growth, or a 43% annual growth to be exact.
The number of publications in Computer Science is expected to outrun the one in the Medical Field in just 3 years (by 2021) (Figure 2 ). This forecast shouldn't come as a surprise, as nowadays ICT has entered into all areas of social activity and there is no economic field that would remain competitive without the use of information technologies.
Computer Science is a relatively new (about 50 years) but a well-established and dynamic area of study. Today, it has become a highly developed, interdisciplinary science with a significant impact on other fields such as physics, mathematics, medicine, library and information science as well as other areas of study.
Even though ICT is in an ascending state of development, the number of bibliometric and scientometric studies in the field is relatively small, but there is, however, a certain number of such international research.
There have been published bibliometric studies in Computer Science that compare several countries (i.e.: Fiala 2012 , Guan&Ma 2004 , Ma et al. 2008 , Uddin&Singh 2014 ), or focus on a certain country such as Brazil (Arruda et al. 2009 ), China (Xie&Willet 2013), India (Gupta et al. 2011 , Singh et al. 2015b ), Mexico (Uddin et al. 2015) and Malaysia (Bakri&Willet 2011), or emphasizing one of the areas of Computer Science, such as Big Data (Heidari et al. 2017 , Singh et al. 2015a , Cloud Computing (Heiling&Voß 2014), Information Retrieval (Mayr and Scharnhorst 2015) , or building information modelling (Zhao 2017 , Qinghua 2017 etc. 
The "Research in Information and Communication Technology in Norway: Bibliometric Analysis" (Aksnes 2012) encompasses the results of a bibliometric study of the institutions included in the evaluation of the ICT research in Norway and includes institutions and departments, as well as research groups. Likewise, the report contains a macro analysis of the Norwegian research in ICT compared to the international research.
One of the most recent and extensive bibliometric studies, based on approximately 1.9 million works in Computer Science published between 1945 and 2014 that have been indexed in the Web of Science (WoS), covers a period of 70 years (Fiala&Tutoky 2017). The study analyses the quantity as well as the impact of these publications based on the type of documents, language used, field of study, country, institutions and source of publication, as well as the most frequently used keywords, references, and the distribution of the number of references and cites. According to this study, the interdisciplinary research has the biggest impact. Therefore, the evolution of the top keywords frequency over the years is utterly interesting. The top keywords identified by this study emphasizes the evolving interest for research in these 70 years. In the more recent period, there has been evidence of an increased interest in cloud computing, optimization and security.
The recent bibliometric research regarding ICT sector situation, highlights Artificial Intelligence as the most frequent subject. Artificial Intelligence is followed by Theory & Methods and Information Systems, with approximately 26-30% each -out of the entire pool of publications and 20-28% each -out of the entire number of references (Fiala&Tutoky 2017). Based on the number of citations, the most influential subject is Interdisciplinary Applications, with 8 citations per study, while the overall average stands at 5.3.
The study referring to ICT in Moldova could show to what extent the research in Computer Science in the Republic of Moldova is following international trend. This study means to cover the lack of more extensive research in this sense. Hugo Hollanders' Study "Mapping of Economic, Innovative and Scientific Potential in the Republic of Moldova" (Hollanders 2017) refers as well to scientific research publications in ICT of Moldovan authors. Based on this study results, directions of smart specialization in Moldova were identified, one of them being ICT sector. Our research strives to analyse and advocate the choosing of ICT as smart specialization for our country.
Scope and objectives of the study
The main scope of this study is the evaluation of the research performance in Computer Science in the Republic of Moldova between 2013 and 2018, through the prism of Moldovan authors scientific publications.
The specific objectives of this study:
-Examining the dynamics of national and international publications in Computer Science between 2013-2018; -Examining the distribution of publications in ICT by scientific field; -Identifying top ICT researchers and top ICT research institutions from the Republic of Moldova, with the main goal to ensure smart specialization in this research area; -Analysing publication collaborations of Moldovan authors in the Computer Science field.
Methodology
For this bibliometric research, the authors used the comparative method of data analysis from two international databases (WoS and Scopus), as well as one national database -the National Bibliometric Instrument (NBI -https://ibn.idsi.md/). This particular method has been used based on the following reasons:
-Some Computer Science experts consider that WoS does not represent an agreed standard (Wainer et al. 2019, p. 536) , because there is a significant amount of papers in Computer Science field published in conference materials in addition to those published in specialty journals. WoS does not index conference materials, except for those published in the Springer's Lecture Notes in Computer Science (LNCS) series and those presented within the ASIST conference. There are worldly recognized journals in Computer Science that are not indexed in WoS, such as ACM Journal on Experimental Algorithms, ACM Transactions on Algorithms, Journal of Discrete Algorithms.
-Scopus is a scientific database that offers, perhaps, a better image of the production side of Computer Science, because it indexes the set of ACM (Association of Computer Machinery), IEEE (Institute of Electrical and Electronics Engineers) and Elsevier journals, but also certain ACM and IEEE conferences, as well as the LNCS series, that are being indexed both as a journal and as conferences materials (Wainer et al. 2019, p. 536 ).
-There have been other studies that tried to compare WoS and Scopus (Chadegani et al. 2013 ). These researches were focused on comparing coverage, bias in coverage and mostly the difference in the results of citations' analysis. This article uses data sources from WoS and Scopus, aiming to compare the way these two databases index publications in Computer Science with authors from the Republic of Moldova, as well as papers indexed in the national database. The WoS data were collected on February 8-9 2019 (Web of Science 2019), using an advanced search procedure. The following criteria were used for searching information on computer science publications in the WoS database:
(1) Country affiliation (CU=Moldova);
(2) Period (PY=2013-2018); The data obtained from Scopus database were gathered on February 8-9, 2019 (Scopus 2019), using the simple search option. The query was based on the following criteria:
(1) Country Affiliation (Moldova);
(2) Period 2013-2018;
(3) The obtained results have been filtered based on the research field (Computer Science). The data obtained from the National Bibliometric Instrument, developed and maintained by the Information Society Development Institute, were collected on February 8-11 (National Bibliometric Instrument 2019 . For the NBI data selection, we used the advanced search function of the open resource http://stiu.md/ (Știu.md 2019), as well as the informative panel of NBI. For obtaining the above-mentioned data, the following criteria have been used:
(1) The Science and Technology of Computers. Computers. Data processing (based on the Universal Decimal Classification -UDC);
(3) The affiliation country of the authors (Moldova).
Results
Between 2013 and 2018, there were 1,524,151 documents identified in the WoS database, that can be classified in the Computer Science categories, with subcategories in the same area of study, as well as other subcategories that are relevant to this study, but are not part of the Computer Science category, such as: Imaging Science & Photographic Technology; Information Science & Library Science; Telecommunications. Out of all international publications in Computer Science found in WoS, 169 (0.011%) belong to the authors from the Republic of Moldova.
The authors found in WoS 3,345 documents published by Moldovan authors between 2013 and 2018, out of which 169 were researches in Computer Science. This represents 5.05% out of the total number of publications coming from the Republic of Moldova in the above-mentioned period.
A similar situation regarding publications by Moldovan authors has been observed in the Scopus database. Between 2013 and 2018 there has been a total of 2,779,218 works in Computer Science published in the Scopus. Those belonging to the Republic of Moldova (225) represent 0.008%. From the total of 2,905 publications by Moldovan authors in this period, the ones referring to Computer Science represent 7.75%.
At the moment of data collection from NBI, there were a total of 69,640 documents found, out of which 48,937 (70.3%) had at least one author from the Republic of Moldova. Likewise, out of the total number of documents (69,640), approximately 57.4% (40,005) were works published between 2013 and 2018, and out of the above-mentioned papers 26,867 (67.2%) belong to authors from Moldova. In the fields -Computer Science and Technology. Computers. Data Processingwhich are relevant to Computer Science, there were 496 papers (1.86%) published by Moldovan authors in 2013-2018, indexed in NBI.
Therefore, the percentage of publications by Moldovan authors in Computer Science field, in all three databases between 2013 and 2018, is not very high: WoS -5.05%, Scopus 7.75% and NBI -1.86%.
The comparative analysis of the indexing dynamics of publications in WoS, Scopus and NBI shows that there were slightly more documents in Computer Science found in the Scopus database ( Figure 3 ). The Scopus indexing dynamics is positive, with the greatest number of published works recorded in 2018 (48 publications).
As far as NBI goes, we can, as well, observe some positive dynamics in documents publication. The relatively small number for 2018 can be explained by the delayed effect of the actual publication process.
We can also note that the growth rate of publications in the Computer Science field in Moldova is mostly positive ( Table 1 ). The number of works in Computer Science published in the WoS database has increased six-fold, Scopus recorded a more than 100% growth, while NBI registered 1.5 times more works in the studied timeframe. The analysis of the 496 documents registered in NBI by category according to Universal Decimal Classification subcategories, highlights that the Education field recorded the highest number of publications (33.1%), followed by Economics (13.1%) and Economics and Computer Communication ( Figure 6 ). This indicates that the highest number of publications comes from educational institutions rather than from research institutions, but it also highlights the interest for research in applied informatics in the education field.
The selection of a relevant publication type can have a huge effect on the impact and visibility of the published research. Therefore, the analysis of the type of documents used to communicate the research results is of great importance. The Figure 7 presents the distribution of the documents by type.
We identified 5 different types of documents in WoS, the most frequently encountered ones being "Proceedings Paper" (over 53%), "Article" (almost 45%) and "Book Chapter" (almost 15%). The other kinds of documents, such as "Editorials" and "Book reviews" represent a negligible share.
Scopus registers various types of publications, with the most popular ones being "Conference Paper" (62%) and "Articles" (25%). Book chapters represent 9% of all publications and all the other types are insignificant for the research (editorials, articles in press, books and reviews -4%).
The analysis of the type of documents recorded in NBI shows that the majority of them fit in the Journal Articles category. There are several explanations to this situation. Firstly, NBI records mostly journals and articles from national journals. Secondly, there are very few conference materials registered in NBI, due to the fact that NBI started recording this type of documents only in October 2017.
If we compare the analysis results of the international databases WoS and Scopus with the NBI results, based on document type, a difference in type hierarchy can be observed (Figure 7) . Thus, WoS and Scopus placed conference materials on first place, followed by journal articles. We can conclude that at the international level Moldovan researchers disseminate their research results mostly by participating in scientific conferences. There are also very few international journal publications and there is only one Moldovan journal specialized in Computer Science that is accredited and included in WoS database -"Computer Science Journal of Moldova". Scopus database reveals a similar situation with WoS, where the number of citations as well as the average number of citations per paper is higher in the case of Articles (Table 3 ). This data suggests that journal articles are used oftener for research documentation. The share of references to papers in Computer Science with Moldovan authors in the period under review is not very high and fluctuates from 0% to 1.3% in WoS and from 1.5% to 3.3% in Scopus (Table 4 ).
It should be noted that all Moldovan publications for the studied period are cited 12 797 times in WoS and 19 086 times in Scopus, while the percentage of the citations of publications in the Computer Science field constitutes only 0.9% in WoS and 1.7% in Scopus.
It is obvious that the papers in Scopus record a higher number of citations. The distribution of the number of citations by year shows that the highest number of citations in Scopus is registered in 2018 while in WoS in 2017 ( Figure 8) .
The H-index is calculated for establishing the overall value of research publications in a certain science field. Thus, the H-index for the publications from Scopus is 8, meaning that there are 8 publications in Computer Science, with at least 8 references each. The H-index of Moldovan authors' publications registered in the WoS database in Computer Science field is 7.
In terms of language use, the situation is quite clear. It is well known that WoS is based almost exclusively on publications in English. We can deduct this fact from 
Figure 8. Citations distribution by year (WoS & Scopus)
written in English. In fact, the impact of English publications in terms of citations per article is 0.7. We found no publications in Computer Science by Moldovan authors in Romanian language in the WoS database ( Figure 9 ). The impact of publications in languages other than English is negligible, not only for Moldova. This fact is also proven by the research paper "Computer Science in Eastern Europe 1989-2014: a Bibliometric Study", which found that the percentage of works published in English, as well as the number of citations to articles written in English exceeded 99% (Fiala&Willett 2015, p. 4) .
The result analysis for 2013-2018 of all WoS papers in Computer Science reveals that 98.9% (1,239,827 publications) are in English, followed by 0.3% (3,963 publications) in Spanish. Romanian language is positioned 15 th , with 53 publications relevant to this field (0.004%).
Scopus and WoS databases present a very similar situation based on the language the documents are published in. Over 98% of articles in Computer Science are published in English and only 4 articles (1.8%) are in Russian.
The most common languages of papers registered in NBI are Romanian -over 63.7%, English -26%, and Russian -10.9% (Figure 9 ). We find that about two-thirds of Scopus publications are materials of various conferences. The distribution of documents by source is presented in The analysis of the total number of publications vs total number of citations for the top sources in Computer Science field shows that the bigger number of publications does not result in the bigger number of citations. Figure 10 presents data from WoS, while Figure 11 shows data from Scopus. Figure 12 illustrates the distribution of publication sources of articles in the Computer Science field registered in NBI.
Similar to the analysis of documents by the NBI domains or the Universal Decimal Classification domains, we observe that the first two positions belong to educational journals. Table 7) A brief analysis of the conference theses recorded in NBI shows that there are papers related to Artificial Intelligence, the Internet of Things, Robotics and other subjects that are relevant to Moldova's Smart specialization.
As mentioned above, the research impact of Moldovan authors' in Computer Science is fairly low, in both number of articles and number of citations per article. Based on bibliometric studies, the top positions belong to China and USA (based on the number of publications), as well as to Great Britain, Switzerland, the Netherlands and Israel (based on the average number of citations per article) (Fiala and Tutoky 2017) . One of the goals of our research was to observe the extent to which authors from the Republic of Moldova collaborate with researchers from the most influential countries in Computer Science (Figure 13 ).
We noticed that the collaboration of Moldovan authors with top countries in Computer Science research based on WoS database is minimal. There are only 2 recorded publications written in cooperation with authors from USA and 4 publications -with authors from Great Britain. The 2013 -2018 most collaborative publications are written with authors from Austria (22 -13%); Romania (19 -11.2%); France (16 -9.5%), Russia (16 -9.5%).
Data from Scopus reveals that authors from Moldova prefer to collaborate mostly with the same countries. Thus, according to Scopus, the highest number of co-authoring works are registered with authors from Romania (32 works -14.2%), France (32 -13.3%), Austria (26 -11.6%), Russia (17 -7.6%) and Germany (15 -6.7%).
As per data from NBI, Moldovan authors collaborate most frequently with authors from Romania (19 works), Ukraine (3), Israel (4), and USA (2). At the same time the number of publications written in collaboration with authors from abroad is smaller.
At an institutional level ( According to data from WoS, the Academy of Sciences of Moldova has the highest number of citations (69.6%), as well as the highest number of average citations per article -1.4 (Table 8 ).
Based on article citations data, ASM is followed by TUM (11.6%) and MSU (4.5%).
Scopus shows that at the institutional level the leading position belongs, again, to the Academy of Sciences of Moldova ( (Figure 14) .
The publications in the Computer Science field from the WoS database were analysed also from the authors' perspective, identifying the most prolific Moldovan authors ( Top authors based on data from NBI is presented in Figure 15 . The most publications belong to: Svetlana Cojocaru (14 documents), Elena Badarau (9 documents), Octombrina Moraru (8 documents). The degree of collaboration between authors represents an important analysis for bibliometric studies. It shows the trend of a single authored model as well as multi-authored researches in the studied period. Some researchers (Maharana&Sethi 2013) consider that the degree of collaboration that is very close to 1 means that the efforts and contribution of some authors are insignificant or negligible. For determining the degree of collaboration in quantitative terms, we used the following formula suggested by K. Subramanyan (1983 The study demonstrated that the percentage of Computer Science publications in Moldova between 2013 and 2018 is low -5% in WoS, 7.7% in Scopus and 1.9% in NBI. Nevertheless, looking at the dynamics of the recorded publications in all three databases, we identified a positive trend, which shows that there is a growing interest in computer science research. The number of publications in this field has increased 6 times according to WoS, over 2.5 times according to Scopus and around 1.5 times based on NBI data.
According to WoS the two most popular subjects in the field, with the highest number of published documents, are Theory & Methods (45%) and Artificial Intelligence (26.6%). Scopus shows that Computer Science articles mostly overlap with fields such as Mathematics (46.2%) and Engineering (44.4%). NBI reveals that one third of the publications in Computer Science belong to the Education subcategory (33.1%), followed by the Economy subcategory (13.1%). This proves that most of the publications come from the educational institutions and fewer from the research institutes, as well as the high interest in research on the application of computer science in education. 
